WHAT'S KNOWN ON THIS SUBJECT: Approximately 50% of children diagnosed with attention-deficit/hyperactivity disorder (ADHD) at ,7 years of age in the community do not meet criteria for ADHD over time. There is a need to examine predictors of diagnostic stability in young children with ADHD.
The goals of this study were (1) to provide estimates of diagnostic stability for a sample of young children diagnosed with attention-deficit/hyperactivity disorder (ADHD) after undergoing comprehensive multidisciplinary assessments and (2) to identify baseline child and family characteristics that predict diagnostic stability over time.
METHODS:
Children aged 3 to 6 years, 11 months consecutively diagnosed with ADHD after multidisciplinary consultations at a tertiary care clinic between 2003 and 2008 were recontacted in 2012 and 2013 (N = 120). At follow-up, the primary outcome was the proportion of children who continued to meet diagnostic criteria for ADHD. To identify predictors of diagnostic stability, logistic regression models were used. In addition, a latent class model was used to independently classify subjects into distinct clusters.
RESULTS:
In this cohort, 70.4% of the children contacted at followup continued to meet diagnostic criteria for ADHD. Predictors of diagnostic stability included externalizing and internalizing symptoms at baseline, parental history of psychopathology, and family socioeconomic status. The latent class model independently identified 3 distinct profiles: (1) children who no longer met ADHD criteria; (2) children with persistent ADHD and high parental psychopathology; and (3) children with persistent ADHD and low family socioeconomic status.
CONCLUSIONS:
Young children who underwent comprehensive developmental and psychological assessments before receiving an ADHD diagnosis, had higher rates of diagnostic stability than in previous studies of community samples. Child and family factors that predict diagnostic stability have the potential to guide treatment planning for children diagnosed with ADHD before 7 years of age. Pediatrics 2014;133:659-667 Attention-deficit/hyperactivity disorder (ADHD) is the most common neurobehavioral disorder of childhood, occurring in 3% to 9.5% of children ages 4 to 17 years. [1] [2] [3] [4] Diagnosis of ADHD in children aged ,7 years presents significant challenges to clinicians because many behavioral manifestations of ADHD may be normative at such a young age. [5] [6] [7] [8] Consequently, longitudinal studies exploring ADHD symptoms in preschool-aged children have demonstrated a wide range of estimates for diagnostic stability over time. [9] [10] [11] [12] [13] [14] [15] [16] Previous research has defined "diagnostic stability" as the degree to which the original ADHD diagnosis is confirmed at the time of follow-up.
In studies that used community samples, diagnostic stability is ∼50% for children aged ,7 years aftera $2-year period. [9] [10] [11] [12] [13] [14] [15] [16] Most of these studies have used parent and/or teacher checklists to ascertain a diagnosis of ADHD; they lack comprehensive assessment to evaluate for alternative conditions, such as cognitive or language delays or sleep disorders. Studies using clinic-referred samples often use more rigorous ADHD diagnostic criteria and include some form of standardized assessment to rule out alternative diagnoses. [17] [18] [19] [20] [21] These studies demonstrate a higher percentage (65%-89%) of preschoolaged children continuing to meet ADHD criteria 3 to 8 years later. Thus, differences in patient populations and diagnostic strategies used across studies may influence the accuracy of the initial ADHD diagnosis and estimates of diagnostic stability. Another potential reason for variable rates of diagnostic stability is that behavioral profiles that are relatively stable later in childhood may be more malleable early. During early childhood, adversity, parental socioeconomic status (SES), and enriched environments have been shown to shift risk for psychiatric and developmental disorders, including ADHD. [22] [23] [24] [25] [26] [27] [28] [29] [30] Predictors of ADHD stability among children diagnosed during preschool or kindergarten are poorly understood. In the studies available, children with persistent ADHD have higher psychiatric comorbidities, family history of psychopathology, and exposure to childhood adversity than children who no longer meet criteria for ADHD at followup. 14, 15 However, in these studies, initial ADHD diagnoses have been assessed by using parent report of symptoms without in-depth evaluation of medical or developmental diagnoses that may mimic ADHD symptoms. To the best of our knowledge, the present study is the first study to identify predictors of diagnostic stability in children aged ,7 years who received an ADHD diagnosis after medical, developmental, and psychological assessments.
METHODS

Subjects
Participants were 120 children ages 3 to 6 years, 11 months consecutively diagnosed with ADHD at the Developmental Medicine Center of Boston Children' s Hospital between January 1, 2003, and December 31, 2008. These children were prospectively recontacted at a mean interval of 7 years (range: 5.6-9.5 years) after their initial diagnosis. Children who were adopted or had autism spectrum disorder (ASD), genetic syndromes, or brain injuries at the time of initial ADHD diagnosis were excluded. The Boston Children' s Hospital institutional review board approved all study procedures.
Identification of ADHD in Young Children at Time 1
At time 1, each child completed a multidisciplinary assessment in which developmental-behavioral pediatricians obtained a detailed medical and social history, and completed a physical examination on each child; pediatric psychologists assessed each child's developmental skills by using cognitive, language, and early academic standardized tests, reviewed day care and school intake questionnaires, and obtained ratings of child behavior by using the Behavior Assessment System for Children. 31 The team of clinicians met subsequent to the assessment to review the child' s diagnostic criteria for ADHD and to discuss alternative diagnoses and potential comorbid conditions; the clinicians then systematically recorded all findings in a formal report.
Determination of Psychiatric Disorders at Time 2
After families were recruited for the follow-up time 2 study, they were scheduled for a visit in which parents completed the Diagnostic Interview Schedule for Children-Version IV (DISC-IV), Vanderbilt ADHD Diagnostic Parent Rating Scales, the parent global assessment (PGA), and the Children with Special Health Care Needs CSHCN Screener. [32] [33] [34] [35] [36] [37] [38] [39] [40] The PGA is a 7-point scale ranging from 1 (no impairments) to 7 (needs 24-hour supervision due to severe impairments). For children who were being treated with stimulant medications, parents were asked to complete rating scales describing their child' s behavior on and off medication (eg, before the medication took effect in the morning). Parents also completed the Conflict Tactic Scales, Revised, which provides information about psychological and physical aggression in the family, 41 and the Social Communication Questionnaire-Lifetime Form, 42 which screens for difficulties in social and communication functioning. Parents were also asked about duration and intensity of behavioral therapy, school services, and medication use since time 1. Lastly, the Family Interview for Genetic Studies 43 and demographic information not uniformly available from records (including time 1 parental education and income) were obtained. Teachers were also asked to complete the Vanderbilt ADHD Diagnostic Teacher Rating Scale. 44 
ADHD Case Definition at Time 2
Children who did not meet DSM-IV-TR criteria on both the DISC-IV and the Vanderbilt ADHD Diagnostic Parent Rating Scale, had a PGA score ,3 (ie, minimal impairments), and ,6 symptoms on the Vanderbilt ADHD Diagnostic Teacher Rating Scale were classified as no longer meeting criteria for ADHD at time 2. Nine children received an intermediate diagnosis on the DISC-IV, which indicated that symptoms and impairments were present but did not meet full diagnostic criteria for ADHD. Review of these 9 children showed that all of them had at least 4 symptoms in either the inattentive and/or hyperactive/impulsive criteria on the DISC-IV and the Vanderbilt ADHD Diagnostic Parent Rating Scale, impairments in multiple settings on the DISC-IV, a PGA score .3 (ie, moderate to severe impairments), and .6 symptoms on the Vanderbilt ADHD Diagnostic Teacher Rating Scale. For the purpose of this research study, we classified these intermediate cases as ADHD at time 2.
Covariates of Interest
All covariates were child and family characteristics at time 1 when each child initially received his or her ADHD diagnosis.
Child-level covariates included: (1) age at initial diagnosis; (2) gender; (3) presence of comorbid developmental, behavioral, or mental health diagnoses; (4) race/ ethnicity; (5) composite nonverbal cognitive score on one of the following measures: the Wechsler Intelligence Scale for Children, the Wechsler Preschool and Primary Scale of Intelligence, the Differential Ability Scale, and the Stanford-Binet Intelligence Scales; (6) severity of externalizing symptoms (ie, attention problems, hyperactivity, aggression);and(7)severityofinternalizing symptoms (ie, anxiety, depression, somatization). The severity of externalizing and internalizing symptoms was taken from the Behavior Assessment System for Children and stratified into a T score $70 and ,70.
Family-level covariates included: (1) parental history of psychopathology; (2) parental education level; (3) income-toneeds ratio (a proxy for family economic resources); and (4) percentage of residents living below the poverty level based on the child' s address. Parental education level was a categorical variable divided into high school or less, some college, and at least a college degree. Income-to-needs ratio was calculated by dividing the subject' s household income by the US Census Bureau poverty threshold income for a family of that size. 
Data Analysis
Logistic Regression
A multivariate logistic regression model was implemented to predict the stability of ADHD diagnosis from a combination of child-level and familylevel factors. These factors were chosen on the basis of information from previous literature and were initially included in separate logistic regression models. A best synthesis model followed and included predictors with coefficients significant at P , .10.
Latent Class Model
Data were analyzed by means of latent class mixture modeling in an effort to identify the presence of subgroups that shared similar levels across a combination of independent variables. The latent class models were developed initially for dichotomous variables 45 and were extended to include nominal 46 and, subsequently, continuous indicators. 47, 48 Because the likelihood ratio x 2 statistic had been shown to be sensitive to sparse data, bootstrapping P values by using 500 replicated data sets was used to test the improvement in fit between 2 models in this study. 49 The magnitude of R 2 values, correct classifications based on group membership (stable versus unstable diagnosis), significance of independent variables in defining cluster group membership, and a significant reduction in the likelihood ratio test (L   2   ) were all considered when comparing nested models.
RESULTS
Study Participants
At time 1, a total of 330 children aged ,7 years received an ADHD diagnosis in the Developmental Medicine Center of Boston Children' s Hospital. Of these, 120 met inclusion criteria and were seen by the multidisciplinary teams described earlier (Fig 1) . Longitudinal follow-up was possible for 88 children (73.3% of the cohort). Table 1 presents baseline characteristics of the cohort. Characteristics of children who were and were not followed up at time 2 were compared; there was no significant difference between the 2 groups in age of initial ADHD diagnosis, current age, gender, nonverbal cognitive score, and percent living below the poverty level.
Behavioral, Developmental, and Psychiatric Profiles of the Cohort
The cohort as a whole was found to have high rates of comorbid developmental disorders after multidisciplinary assessment as well as high rates of comorbid psychiatric disorders at follow-up (Table 2) . After a mean interval of 7 years, 62 children (70.4% of (Table 3) . Family-level predictors were positive parental history of psychopathology (B = 2.04, P , .05; OR: 7.6) and lower income-to-needs ratio (B = -0.57, P , .001; OR: 0.56). In the combined model, the significant predictors discussed earlier remained significant except for the child' s nonverbal cognitive score. All results were in the same direction and were more pronounced.
Exploring the Presence of Subgroups Based on ADHD Diagnostic Stability By Using Latent Class Modeling
A set of ancillary analyses was conducted to evaluate whether specific clusters of individuals and profiles would explain the stability of ADHD diagnosis (Table 4) . A 1-class, baseline model was used as a reference point, and this model was compared with a 2-class model. The 2-class model provided a good fit to the data and suggested that the group of children with stable ADHD diagnosis had baseline characteristics different from the group of children with unstable ADHD diagnosis (R 2 = 90.25%). Although the 2-class model provided a good fit to the data, examination of the bivariate residuals suggested that some were above the expected value of 1.0, and the probability of misfit was equal to 3.4%. Thus, on the basis of findings from previous research, 50,51 the model was fit with the addition of a 3-class model, in an attempt to minimize those residual covariations and to improve model fit. The difference between a 2-class and a 3-class model was evaluated by using the log-likelihood -2LL statistic based on the bootstrap distribution and 500 replications ( Table 5 ), suggesting that a 3-class model provided significantly improved fit (-2LL Diff = 165.76, P , .001).
Inthe3-class model,therewere2 classes of children that belonged to the stable ADHD group and 1 class of children that fit into the unstable ADHD group (Fig 2) . Only 8.14% were considered misclassified cases. Class 1 represented children with a 99.5% probability of having a stable ADHD diagnosis. These were children with elevated internalizing and externalizing symptoms, had parents with a history of psychopathology and low educational level, and also came from families with low family economic resources. Class 2 described a cluster of children with an 82% probability of having a stable ADHD diagnosis. The major difference, however, was that children in class 2 tended to have parents with more psychopathology but a higher probability of attending college and higher incometo-needs ratio compared with class 1 children. Last, class 3 described children who no longer met criteria for ADHD. These children were characterized by relatively low levels of internalizing and externalizing symptoms during early childhood, came from families with higher economic resources, and had parents who were more likely to attend college.
Profiles of Children With Remitted ADHD
Of the 26 children who did not meet diagnostic criteria for ADHD at follow-up, new diagnoses emerged in 15 children. Specifically, 2 children met criteria for anxiety disorders, 10 had new diagnoses of ASD, and another 3 had new learning disorders. The remaining children did not meet diagnostic criteria for any developmental, learning, or behavioral disorder, including ADHD, and did not shift from one externalizing disorder to another, which suggests remittance of ADHD symptoms at time 2. For children who were reported to have new ASD by parents, psychological reports were available for the majority of these children. Their Social Communication Questionnaire total scores (median: 17.40 points) were significantly higher compared with those without a new ASD diagnosis (median: 5.93 points; P , .001).
DISCUSSION
Several important findings emerged from the present cohort study. First, ADHD stability over a 7-year period was 70% when young children underwent comprehensive developmental and psychological evaluations. Although diagnostic stability in this cohort was higher overall than previous studies of community samples [9] [10] [11] [12] [13] [14] [15] [16] , this study found that diagnosing ADHD in young children is not an easy task, even for professionals with expertise in the pediatric ADHD population. More than one-half of children who no longer met criteria for ADHD were later found to have alternative developmental diagnoses, including anxiety, ASD, and learning disorders. However, there was a group of children who no longer met criteria for ADHD and did not have any new onset of psychiatric disorders, suggesting ADHD remittance over time.
Clinicians caring for young children with ADHD symptoms, therefore, should be equipped to monitor learning, behavioral, and mood difficulties over time. Importantly, children with an early ADHD diagnosis should have continuity of care with clinicians who have expertise in 
FIGURE 2
Latent class model displaying the presence of 2 stable diagnosis classes and 1 unstable diagnosis class.
ADHD or should receive a comprehensive reevaluation during school age.
Although it is not surprising that elevated externalizing symptoms are associated with stability in ADHD diagnosis, we additionally observed that children with a greater risk of ADHD persistence had higher internalizing symptoms at a young age. This finding is consistent with previous literature on older children with ADHD, [52] [53] [54] and it points to the importance of screening for internalizing symptoms at initial diagnostic visits, even when parental concerns are about disruptions due to externalizing symptoms.
Finally, we observed that family factors, including parental history of psychopathology and family economic resources, are predictive of ADHD diagnostic stability. The idea that family contexts contribute to the maintenance of preschool-aged problem behaviors and long-term impairments is not new. Previous research studies have shown that variables of maternal psychopathology, family climate, and SES are predictive of stability of preschool psychiatric disorder. 14, 15 Given the convergence of these findings in these previous samples and our own research, it seems that factors related to the family should be explored more explicitly in clinical settings. Furthermore, these findings indicate that parenttraining programs may have a potentially important role in ADHD treatment in early childhood and may enhance child-specific treatments in this young age range. Evidence-based parent management training has been shown to help parents actively acquire parenting skills that target relationship building and improve parent-child interactions, as well as lower children' s externalizing behaviors. 55, 56 The American Academy of Pediatrics therefore recommends that primary care physicians prescribe such evidence-based therapy as a first line of treatment for preschool-aged children. 57 Interestingly, parental education emerged in the latent class model as the most discriminating variable in the prediction of ADHD stability (R 2 = 60.98%). One possible explanation is that parents with different levels of education provide a different day-today environment for children and that these environmental factors mediate changes in the prefrontal cortex, decreasing ADHD symptoms over time. This speculation is bolstered by recent data pointing to the impact of early environments, particularly those linking the effects of SES on prefrontal cortex development and neurocognitive measures associated with ADHD symptoms. 23, 24, 58 Potential mediators of the relationships between low parental education and high ADHD persistence include differences in the quality of the home environment (eg, use of complex language, enrichment activities), quality of parent-child interactions, and degree of family conflicts. The influences of these variables on diagnostic stability in ADHD are beyond the scope of the present study but are of critical importance to explore in future studies.
Several limitations should be noted when interpreting our findings. One limitation is that this cohort consisted of children referred to a single tertiary care clinic. However, these children were not a convenience sample or recruited from advertisement. Our cohort consisted of every child aged ,7 years diagnosed with ADHD in our specialty clinic in 2003 to 2008; almost all of them were referred to this clinic because pediatricians would not otherwise give a diagnosis of ADHD or start treatment at such a young age. Another limitation is that we were not able to recontact every child diagnosed at time 1. However, a comparison of demographic data indicated that subjects lost to follow-up did not differ from subjects with full participation. Lastly, families in this cohort had a higher mean income compared with the mean income of the US population, even when family size was considered. Use of a cohort with higher SES may have biased the study toward less severe cases and, consequently, may have produced more conservative results.
CONCLUSIONS
Although ADHD symptoms may improve in a subset of children, for many, ADHD symptoms are chronic and associated with many psychiatric comorbid conditions. Those with higher risk for long-term ADHD have more externalizing symptoms and internalizing symptoms at baseline, more parental psychopathology, and fewer family economic resources. This study adds to the growing literature demonstrating that: (1) child-specific therapies may not suffice as the only armamentarium for practitioners treating children with ADHD; and (2) the preschool years may serve as an important, sensitive period for intervention.
